MD, FRCA; the RIPHeart (Remote Ischemic Preconditioning for Heart Surgery) Study Collaborators † Background--Remote ischemic preconditioning (RIPC) has been suggested to protect against certain forms of organ injury after cardiac surgery. Previously, we reported the main results of RIPHeart (Remote Ischemic Preconditioning for Heart Surgery) Study, a multicenter trial randomizing 1403 cardiac surgery patients receiving either RIPC or sham-RIPC.
R epeated short episodes of ischemia and reperfusion of non-vital tissues have been shown to reduce organ injury of remote vital organs in patients undergoing cardiac surgery, a phenomenon known as remote ischemic preconditioning (RIPC). 1, 2 However, the results of existing studies are inconsistent. While most of previous studies including our RIPHeart (Remote Ischemic Preconditioning for Heart Surgery) Study 3 primarily focused on short term outcomes, [4] [5] [6] [7] [8] few evidence exists about RIPC`s potential effect on mid-to longterm outcomes. 9 Here, we present the 1 year follow-up data, and in a subcohort of patients, myocardial dysfunction assessed by transesophageal echocardiography and the incidence of postoperative neurocognitive dysfunction (POCD) 5 to 7 days and 3 months after surgery.
were screened between January 2011 to May 2014. In total 1403 patients underwent randomization. The study included patients (aged ≥18 years, female and male) scheduled for any elective cardio-vascular surgery requiring cardiopulmonary bypass, after written informed consent. Key exclusion criteria were related to specific surgical procedures (eg, off-pump heart surgery, urgent surgery) and to patients with severe organ dysfunction (eg, ejection fraction <30%, severe renal failure). The ethics committees of the University of Kiel, Germany, and all the other participating centers approved of the study protocol, patient information, and informed consent was received from all patients. Further details and the main primary end point have previously been published. 3, 10 RIPC was induced by 4 9 5 minutes cycles of ischemia/ reperfusion using a manual blood pressure cuff after induction of propofol-based anesthesia. A dummy-arm with a second blood pressure cuff was used and applied in accordance to the RIPC protocol to the sham-RIPC group.
Long-Term Follow-Up
The assessment of 1-year follow-up was a predefined secondary analysis of a binary composite complication rate defined by all-cause mortality, non-fatal myocardial infarction, any new stroke, and/or acute renal failure. In volunteering centers, intraoperative myocardial dysfunction and the incidence of postoperative neurocognitive dysfunction were assessed in a non-selected sub-cohort of patients.
Intraoperative Myocardial Performance
Myocardial dysfunction was assessed by transesophageal echocardiography before and 30 minutes after cardiopulmonary bypass including fractional shortening (by Teichholz), left ventricular end-diastolic volume (by Simpson), left ventricular ejection fraction (by Simpson and by Teichholz), left ventricular ejection time, maximal speed in left ventricular outflow tract V max , deceleration time (DT Early ), early max / atrial max ratio (E/A ratio), left ventricular end-systolic volume (by Simpson), mitral close-to-open time (MCO, end A to end E).
• Little evidence exists about remote ischemic preconditioning's potential effect on mid to long-term clinical outcome. • Here, we show that remote ischemic preconditioning may not have beneficial effects on intraoperative myocardial dysfunction, neurocognitive dysfunction or 1-year follow-up on mortality, myocardial infarction, stroke, and acute renal failure.
What Are the Clinical Implications?
• These results suggest that remote ischemic preconditioning may have no effect on clinical outcomes in cardiac surgery patients.
Neurocognitive Assessment
POCD was evaluated by a comprehensive neurocognitive test battery, as we have previously used in a pilot study. 5 POCD was assessed 1 day before, 5 to 7 days and 3 months after surgery in accordance with the "Statement of Consensus on the Assessment of Neurobehavioral Outcome After Cardiac Surgery" for cardio surgical patients. 11, 12 
Statistical Analysis
One-year estimates with 95% confidence interval for the composite end point and its components were derived from respective time to event or cumulative incidence curves; patients with shorter follow-up were censored at the end of their observation period. Death was treated as a competing risk factor in analyzing components. Arm comparisons are based on proportional hazard models adjusting for the stratification variables EuroSCORE, diabetes mellitus status and the concomitant use of cholesterol or lipid lowering medications, and incorporated study centers as a random effect by the logistic regression adjusting, to evaluate the therapeutic effect. Transesophageal echocardiography data were analyzed using a general linear model with repeated measures (pre-and post-operative) and randomization group (RIPC and sham-RIPC) as between subject factor. Analysis of POCD data were in accordance to the analysis performed previously. 5 The 1 standard deviation (SD) criterion and the summarized Z-score were determined to analyze the individual change in performance. Except for MMSE, RAVLT 1 to 3, RAVLT LT, DSST and the VFT tests, all data underwent a logarithmic transformation. The 1-SD criterion was used to analyze how many patients of each group were cognitively deteriorated or potentially improved. A cognitive change was assumed if the preoperative to postoperative difference in ≥2 tasks assessing different cognitive domains (memory, motor skills, attention and executive function) exceeded >1-SD of the corresponding preoperative test (1-SD criterion). The Z-score criterion was performed test-specifically and as the sum of each Z-score (postoperative result subtracted from preoperative test result, divided by the preoperative SD of the group) to analyze the individual change in performance. If required the algebraic sign was changed so that a positive discrepancy indicated deterioration, a negative discrepancy improvement. The sum of each Z-score for all tests was calculated and the patients in the treatment groups were compared using a 1-way ANOVA. In case of Z-scores >1.96 on 2 individual tests or the combined Z-score, POCD was assumed.
Results

No Beneficial Effect of RIPC After 1 Year
No significant differences 1 year after surgery could be found between the groups (RIPC versus sham-RIPC) on the composite primary end point (16.4% versus 16.9%) and its individual components (all-cause mortality 3.4% versus 2.5%, myocardial infarction 7.0% versus 9.4%, stroke 2.2% versus 3.1%, and acute renal failure 7.0% versus 5.7%; Table 1 ). The Kaplan-Meier-Plot shows the event-free time to primary end point in the RIPC and the sham-RIPC group up to 1 year after surgery (Figure) . The between-group differences were not significant.
No Significant Differences Between the Groups in Myocardial Dysfunction
In 808 of 1403 patients (58.2%) intraoperative transesophageal echocardiography was documented (RIPC: n=397, sham-RIPC n=411). After cardiopulmonary bypass, early max /atrial max ratio (systole) as well as left ventricular outflow tract V max , left ventricular ejection fraction, fractional shortening (Teichholz), left ventricular ejection fraction (Teichholz) and MPI (diastole) were increased, while deceleration Table 3 ). An improvement of cognition was found in 22 (15.6%) versus 19 (14.4%) patients 5 to 7 days and in 14 (23.0%) versus 18 (27.7%) patients 3 months after surgery.
Comparing the Z-scores and the summarized Z-scores, no significant between-group differences were found, except for STROOP1 after 5 to 7 days (P=0.02), which may be because of multiple testing (Table 3 ). Comparing the time points 5 to 7 days and 3 months after surgery, we observed an improvement of neurocognitive function in both groups (Table 3 ).
Discussion
Cardiac surgery is associated with predictable risks of myocardial, neurologic, and renal ischemia/reperfusion injury. RIPC could be an easy, low-risk, and cost-effective therapeutic strategy to counteract these risks. Various clinical studies demonstrated protection of the heart, kidney, and brain by using surrogate end points in patients with cardiovascular surgery, 6-8,13-15 coronary intervention 16, 17 or stroke, 18 and some of them even reported improved clinical outcome, 6, 7 while others reported neutral effects. 5, 19, 20 In our multicenter RIPHeart Study 3 including 1403 cardio surgery patients we found no short-term benefits of RIPC referring to a composite end point with all-cause mortality, myocardial infarction, stroke and acute renal failure. Here, we present that no significant differences were found between the treatment groups 1 year after surgery. Similar findings were observed in the ERICCA Study 9 including 1612 surgery cardiac patients with no significant benefits 1 year after surgery. Very recently, we performed a Cochrane meta-analysis 21 and found no evidence that RIPC has a treatment effect on shown for the two intervention groups. Event-free survival did not differ significantly between the two intervention groups (Cox regression analysis, with adjustment for the stratification variables). RIPC indicates remote ischemic preconditioning. clinical outcomes (measured as a composite end point including all-cause mortality, non-fatal myocardial infarction or any new stroke, or both, assessed at 30 days after surgery), while we found moderate-quality evidence that RIPC reduces the cardiac troponin T and I release measured at 72 hours after surgery.
In a non-selected subgroup of patients, we evaluated whether RIPC may have beneficial effects on acute postcardiopulmonary bypass myocardial dysfunction. Myocardial ischemia/reperfusion injury after cardiac surgery is well known to have an impact on clinical recovery, and experimental studies found specifically less myocardial ischemia/ reperfusion injury and improved cardiac function following RIPC. [22] [23] [24] [25] [26] Based on the echocardiography methods used, here, we could not find any difference between groups. Possibly, the negative impact of the surgery itself could mask any slight effect of RIPC. Furthermore, biased results could be caused by the selected parameters, eg, in the case of ventricle asymmetry the M Mode is highly prone to error, but ejection fraction determined by Simpson method also did not show any benefits.
The use of the intravenous anesthetic propofol has also been repeatedly discussed as a potential confounding factor that may interfere and inhibit RIPC`s protective effects. [27] [28] [29] A small study in patients undergoing CABG surgery revealed a beneficial effect of RIPC if general anesthesia was maintained with isoflurane that was not observed upon using propofol. 30 In line with this, a recent multicenter trial using volatile anesthetics for maintaining anesthesia showed that RIPC significantly reduced acute kidney injury in cardiac surgical patients with a high risk for this complication that was maintained up to 1 year after surgery. 31 Thus, despite basic science data clearly point into a different direction, 32 it cannot be ruled out completely that the use of propofol may have blunted or even abolished the organ protective effects of RIPC.
Alternatively, and more likely, the risk of the population studied in our trial may have been too low to show a meaningful effect of an intervention aiming to reduce the sequelae of ischemia/reperfusion injury; in other words: in most instances the perioperative course may have been too smooth and without hemodynamic fluctuations that may have induced an ischemia and reperfusion injury modifiable by RIPC.
In line with this assumption, recent experimental findings indeed suggested that RIPC may offer advantages if ischemia/reperfusion injury is severe. 18, [33] [34] [35] [36] [37] England et al recently performed a pilot blinded placebo-controlled trial in 26 patients with acute ischemic stroke with a National Institutes of Health Stroke Scale (NIHSS) score of 5. Compared with sham-RIPC, there was a significant decrease in day 90 NIHSS score in the RIPC group, median NIHSS score 1 versus 3 suggesting improved neurological outcome. 38 Zhao et al assigned 189 subjects with severe carotid artery stenosis undergoing carotid artery stenting to RIPC, sham-RIPC, and no intervention (control) groups performed twice daily for 2 weeks before intervention. The incidence of new diffusion-weighted imaging lesions in the RIPC group (16%) was significantly lower than in the sham group (37%) and the control group (41%), again suggesting improved neurological outcome. 39 To evaluate the impact of RIPC on the incidence of POCD, a comprehensive neurocognitive test battery was used in a subgroup of unselected 331 patients. POCD was found 5 to 7 days in 67 versus 71 patients and 3 months after surgery in 17 versus 18 patients, with no relevant differences between the groups. The number of missing data was reasonably high, so that the lower number of patients completing the 3 months follow-up might present a limitation. Similar results were already shown in our pilot study, 5 although the sample size was considerably smaller. Joung et al evaluated the effect of RIPC on POCD in 70 patients who underwent off-pump coronary artery bypass graft surgery. RIPC did not reduce the incidence of POCD in the immediate postoperative period (28.6% [n=10] in the control versus 31.4% [n=11] in the RIPC group). 40 In conclusion, RIPC had no beneficial effect on 1-year follow-up, intraoperative myocardial dysfunction and postoperative neurocognitive dysfunction in cardiac surgery patients undergoing propofol-based anesthesia. 
